Abstract. The ambient temperature records in Iraq show a large variation between day and night reaching 20 C, depending on the season, whether it is summer or winter. For this reason, the aim of this research is to study the effect of these conditions on the drying shrinkage of self-compacting concrete produced by using Portland-Limestone cement (ASTM C595 -Type IL). SCC mixes were designed to attain compressive strengths of 40 and 60MPa at 28days with and without silica fume respectively. Same mixes were reproduced with ordinary Portland cement (ASTM C150 -Type I) for comparisons. Two maximum sizes of aggregate 10 and 20 mm were incorporated in this work. The drying shrinkage was measured for 180 days after 7 days of water curing. The range of ambient (outdoor) temperature variation was from -4 to + 39 o C and the relative humidity ranged from 15 to 60 %. The results of this exposure were compared to that of specimens kept in the shrinkage chamber, with a temperature of 21 o C and relative humidity 35%. The current results showed that due to the irreversible nature of shrinkage strain, the drop of ambient temperature and the rise of atmosphere moisture or relative humidity would not reverse the shrinkage strain.
Introduction
Drying shrinkage is a major cause of the concrete deterioration especially in Middle East region, thus the acknowledgement of the shrinkage deformation needs to be evaluated. Ingram and Daugherty [1] indicated that in many countries some limestone are allowed to be added to Portland cement products, and by controlling the properties of the cement they will be able to produce products that are both ethically and economically viable. Sivilis et al. [2] concluded that limestone cements, have lower paste water demand than the relative pure cements. Holt and Leivo [3] stated that drying shrinkage is greatly affected by environmental conditions such as wind and humidity in the first days of curing. Sagaraa and Pane [4] revealed that the shrinkage initially tends to be higher for high strength concrete; however the ultimate shrinkage strain is larger for normal strain concrete. Khan and Montgomery [5] concluded that the use of milled limestone in self-compacting concrete with suitable content may reduce drying shrinkage of concrete. Rozie`re et al. [6] reported that shrinkage cracking susceptibility increases by increasing the volume of paste and that reducing the volume of paste may affect flowability and surface quality, but it is a way to reduce shrinkage and risk of cracking without affecting strength. Kalkan and Lee [7] had pointed out that the use of SCC makes a beam more vulnerable to restrained shrinkage cracking. Heirman et al. [8] introduced test results which revealed that the SCC mixtures exhibit higher shrinkage and creep deformations compared with the limestone cement concrete mixtures. Leemann et al. [9] attributed the higher shrinkage of SCC mixtures is due to their higher paste volume. For high performance lightweight concrete, Al-Attar and Al-Sakini [10] showed experimentally that using higher lightweight aggregate to binder ratio has negative effect on shrinkage. The results of Gupta et al. [11] gave a conclusion that shrinkage strain of high strength concrete with 10% fly ash and silica fume replacement were higher by (6-10) % than concrete without them. The aim of this research is to investigate the effect of temperature variation on the rate of drying shrinkage development and on ultimate recorded values.
Experimental work

Materials
Two types of Portland were used throughout this study. They were ordinary Portland cement, confirms to the ASTM C150-Type I [12] , and Portland-limestone cement IL, confirms to the ASTM C595-Type IL [13] . Silica fume with an activity index of 120% was used as supplementary cementitious material in producing the self-compacting concrete mixes. The silica fume was conforming to the ASTM C-1240 [14] and was added by 10% as partial replacement of cement for high strength concrete mixes. Natural sand with fineness modulus of 2.97 and SO3 of 0.3% was used. Natural crushed coarse aggregate with maximum sizes of 10mm and 20mm were used. High performance superplasticizer (Sika ViscoCrete -5930) confirming to ASTM C494 Types F [15] was used for producing high strength self-compacted concrete.
Concrete mixes and testing program
Four SCC mixes, AI40 and BI60 for Type I cement and AIL40 and BIL60 for Type IL cement, as shown in Table  3 , were prepared according to the recommendations of ACI Committee 237 [16] . were high strength concrete. They were designed to yield 60 MPa as average required compressive strength at 28 days and they attained 67 and 62 MPa respectively. These mixes were cast with a water/binder ratio of 0.31 and a maximum size of aggregate of 10mm. For drying shrinkage, prisms of 100x100x400 mm were exposed to indoor controlled conditions, 21 o C and 35 % relative humidity, and outdoor conditions, -4 to +39 o C and 15
to 75% relative humidity. The drying shrinkage strain was measured according to the ASTM C 157 [17] for a period of 180 days after 7 days of moist-curing for the studied mixes.
3 Results and discussion
Fresh SCC results
Table (4) lists the results of the self-compactability carried out test for the studied SCC mixes. The results revealed that the produced mixes were all conforming to the requirements of the international EFNARC [18] . The replacement of Portland cements with silica fume has enhanced the passing and filling abilities of the tested mixes. This behavior could be attributed to the high surface area of silica fume. (1) show the values and drying shrinkage strain development for the studied mixes when exposed to the indoor controlled exposure, temperature of 21 o C and 35% relative humidity. 
Figure (1). Drying shrinkage behavior of indoor controlled exposure for the studied SCC mixes
Generally, high strength concrete recorded lower drying shrinkage values than normal strength concrete. The ratios of highest shrinkage, at 180 days, for B series mixes to A series mixes were: 92 and 91 % for Types I and IL respectively. This behavior could be explained by that high strength mixes, BI60 and BIL60, have higher bond between aggregate and cement paste because of using aggregate with smaller maximum size, i.e. with higher surface area. This good bond makes the aggregate more effective in restraining the shrinkage strain [19] . The denser interface zone due to the inclusion of silica fume and to using lower w/c ratio could be another factor [20] . Small differences could be observed between shrinkage values for the studied mixes when regarding the type of used cement. Mixes made with Type IL cement showed always lower shrinkage values than those made with Type I cement. The ratios of highest shrinkage strain of Type IL cement to Type I cement mixes were: 98 and 97 for series A and B respectively. The difference may be due to the smaller clinker to cement ratio of Type IL cement [21] . With respect to rate of shrinkage development, all the studied mixes have almost the same rate and the parallelism of curves shown in Figure ( 1) could be considered as an indication. According to Figure (1) , it could be concluded that the recorded shrinkage values at the end of 180 days, could not be considered as the ultimate shrinkage. The curves at this age do not level at this age and it is expected for these curves to attain higher values at later ages. This observation could be attributed mainly to the controlled temperature and relative humidity which did not allow faster evaporation rate [22] . Figure ( 2) display the temperature variation for the outdoor uncontrolled exposure. This variation was recorded for six months in Baghdad city through the period from 19/10/2016 to 19/04/2017. The relative humidity in this period had ranged from 15 to 60%. Three intervals could be distinguished in this period: from the starting date to the age of 60 days the average temperature had fallen from 25.5 to 4.5 O C, from 60 to 120 days ages the average temperature stayed with small variation, 4.5 to 11 O C and finally from 120 days to the end of testing period the average temperature raised from 4.5 to 30 O C. (3) show the results of drying shrinkage development in the outdoor uncontrolled exposure for mixes AI40, AIL40, BI60 and BIL60. as an indication to the irreversible nature of most of shrinkage strain. The drop of ambient temperature and the rise of atmosphere moisture or relative humidity would not reverse the shrinkage strain. It is important to figure the final total accumulated strain when dealing with ambient temperature variation. The ambient temperature fluctuation has affected the rate of shrinkage development. The three above mentioned intervals for temperature variation can be easily assigned on the shrinkage development rate as shown in Figure  ( 3). The Type IL cement mixes exhibited lower shrinkage strain than Type I cement mixes but the differences were small and the rate was similar. The ratios of ultimate shrinkage strain for Type IL cement mixes to Type I cement mixes were: 98 and 95 for series A and B respectively. Therefore, it could be concluded that the drying shrinkage characteristics for concrete made with Type IL cement, ASTM C595, are mostly similar to that produced with Type I cement, ASTM C150.
Drying shrinkage behavior for outdoor uncontrolled exposure
Conclusions
1. Portland-limestone cement, ASTM C595 -Type IL, could be used to produce self-compacting concrete with the required filling and passing abilities. 2. For indoor controlled exposure, 21 0 C and 35% RH, the recorded shrinkage values at the end of 180 days, could not be considered as the ultimate shrinkage. This observation could be attributed mainly to the controlled temperature and relative humidity which did not allow faster evaporation rate. Meanwhile, at this age in the outdoor uncontrolled exposure concrete mixes attained their ultimate strain values. 3. Although of the ambient temperature fluctuation in the outdoor exposure, the total drying shrinkage values were higher than those of the steady controlled temperature and relative humidity exposure. 4. Due to the irreversible nature of shrinkage strain, the drop of ambient temperature and the rise of atmosphere moisture or relative humidity would not reverse the shrinkage strain. It is important to figure the final total accumulated strain when dealing with ambient temperature variation. 5. The drying shrinkage characteristics for concrete made with Type IL cement, ASTM C595, are mostly similar to that produced with Type I cement, ASTM C150.
